
P-ISSN 2586-9000
E-ISSN 2586-9027

Homepage : https://tci-thaijo.org/index.php/SciTechAsia Science & Technology Asia

Vol.29 No.3 July - September 2024 Page: [67-73]

Original research article

Design of Multiband Patch Antenna for
WLAN Applications
Ritisha V. Bhatt1,*, G.D. Makwana2

1Sankalchand Patel University, Gujarat 384315, India
2Graduate School of Engineering and Technology Ahmedabad, Gujarat Technological University,

Gujarat 382424, India

Received 31 July 2023; Received in revised form 30 May 2024
Accepted 18 June 2024; Available online 25 September 2024

ABSTRACT
This article proposes a compact slot-loaded multiband rectangular-shaped microstrip

patch antenna. The proposed antenna of overall dimensions 30 × 30 × 1.56 mm3 radiates at
3.3 GHz, 5.8 GHz, 7.2 GHz, and 9.01 GHz to accommodate WiMAX and WLAN wireless
applications. The antenna is mounted on Rogers AD255C substrate with the relative permit-
tivity E𝑟=2.5 and loss tangent tan𝛿 < 0.002. The simulation results of return loss, gain, and
bandwidth are examined for the proposed antenna. The proposed simple and low-profile an-
tenna offers simulated return loss of -19.40 dB, -12.76 dB, -27.57 dB, -31.62 dB, VSWR of
1.7, 1.2, 1.1, 1.4, and Gain of 5.25 dBi, 7.17 dBi, 5.09 dBi 6.06 dBi at resonant frequencies.
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1. Introduction
In the evolutionary era, the network

plays a significant role worldwide for ef-
fective communication. Rapid variations
within the devices must be checked to iden-
tify whether the new network is compati-
ble. Thus, the necessity of designing an
antenna working in the wireless commu-
nication range needs to be acknowledged
[1, 2]. With the rapid development of
present-day communication technologies,

the utilization of microstrip antennas has
expanded because of their low cost, low
weight, and small size. The demand for
dual-band or multiband antennas is appar-
ent in modern, convenient wireless commu-
nication devices [3, 4]. Numerous dielec-
tric substrates are used to design microstrip
antennas, and their dielectric constants are
usually 2.2 ≤ E𝑟 ≤ 12. The most desir-
able stage for good antenna performance is
thick substrates with low dielectric constant
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because they provide better efficiency and
larger bandwidth. Further, the microstrip
patch antenna is used in various applica-
tions such as wireless

communication systems, GPS, cell
phones, aircraft, radar, and satellite com-
munications [5]. The allocated global
mobile broadband services range in 3.3
GHz/5.8 GHz/7.2 GHz and 9.01 GHz bands
for future or WLAN communications [6,7].

This paper proposes a multiband
rectangular slot antennawith a radiating slot
loaded with a horizontal and vertical stub
and a strip connected to the upper edge of
the patch.

The proposed antenna is designed for
the WiMAX/WLAN band (3.3 GHz, 5.8
GHz, 7.2 GHz, and 9.01 GHz). This printed
slot multiband antenna can be a good can-
didate due to its easy fabrication, cost-
effectiveness, and low-profile benefits. The
proposed configuration uses a standard sim-
ulation environment in CST Studio Suite
2020. The proposed antenna geometry and
results are discussed in this paper. The
proposed antenna is mounted on Rogers
AD255C substrate, which provides a bet-
ter gain than FR4 material due to the low
relative permittivity and low loss tangent
[8–10].

Microstrip slot antennas were in-
vented in 1938 by Alan Blumlein [11, 12].
A slot radiator or slot antenna is used in the
frequency range from 300MHz to 25GHz.
The slot behaves as a radiator according to
Babinet’s principle. The microstrip slot an-
tenna is simple in structure. Using differ-
ent slots, we can improve the bandwidth,
gain, return loss, Axial ratio, radiation pat-
tern, and efficiency compared to conven-
tional microstrip patch antenna [11, 12].

2. Materials and Methods
The proposed antenna is designed

based on slot antenna methodology. The in-
put impedance of the antenna is controlled
by varying the feedline width (𝑊). How-
ever, diminishing the input impedance to 50
Ohms frequently requires a wide patch an-
tenna, which takes up a part of the neces-
sary space, and the width of the antenna fur-
ther controls the radiation pattern [13]. The
height (ℎ) of the substrate helps to maintain
the bandwidth. It is noted that the substrate
height is much smaller than the wavelength
of operation but should be at most 0.025 of
a wavelength (1/40th of a wavelength), or
the antenna efficiency will be debased. Fur-
thermore, the permittivity of the substrate
controls the fringing areas, with lower per-
mittivity and more extensive fringes that re-
sult in superior radiation.

Within the transmission line model,
the radiating slots are accepted to be sep-
arated by half-wavelength. The fringing
electric field amplifies up to a length of L
on both sides along the patch size given in
Eq. (2.1) [14–16].

△ 𝐿 = 0.412ℎ
(𝜀𝑟𝑒 𝑓 𝑓 + 0.3)( 𝑤ℎ + 0.264)
(𝜀𝑟𝑒 𝑓 𝑓 − 0.258) ( 𝑤ℎ + 0.8) .

(2.1)
The effective dielectric constant is

given by Eq. (2.2)

𝜀𝑟𝑒 𝑓 𝑓 =
𝜀𝛾 + 1

2
+
𝜀𝛾 − 1

2

[
1 + 12

ℎ

𝑤

]− 1
2

.

(2.2)
The effective length of the patch is given by
Eq. (2.3)

𝐿𝑒 𝑓 𝑓 = 𝐿 + 2 △ 𝐿, (2.3)

where
𝐿𝑒 𝑓 𝑓 =

𝑐

2 𝑓0
√
𝜀𝑒 𝑓 𝑓

. (2.4)

In step 1 of Fig. 1, the antenna di-
mensions length of a patch (𝐿), the width
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of the patch (𝑊), and the width of the feed
line ( 𝑓 𝑤) for the standard rectangular patch
are first calculated using Eqs. (2.1)-(2.4),
which offers resonance at 5.8 GHz and 7.6
GHz. In step 2, a horizontal slot is intro-
duced on the right side of the patch, which
provides resonance at 3.3 GHz, 5.8 GHz,
7.02 GHz, and 9.01 GHz. Additional mod-
ifications are required because this design
does not obtain the desired bandwidth. In
step 3, two vertical slots are introduced
on the left side of the patch to improve
the bandwidth, directivity, and gain. The
antenna performance parameters are simu-
lated in CST Studio Suite 2020.

Fig. 1. Stepwise design of the proposed an-
tenna.

2.1 Antenna configuration
The proposed antenna configuration

is shown in Fig. 2. This antenna is mounted
on Rogers AD255C dielectric substrate ma-
terial having E𝑟 = 2.5 and a thickness of
1.56 mm. The detailed dimensions of the
antenna geometry are given in Table 1. Fig.
3 depicts the proposed fabricated antenna’s
top and bottom views.

3. Results and Discussion
The proposed multiband antenna op-

erates at 3.3 GHz, 5.8 GHz, 7.2 GHz, and
9.01 GHz. The simulated results of return

Fig. 2. Top view and bottom view of the pro-
posed antenna.

Table 1. Dimension of proposed Microstrip
Multiband Antenna.

Parameter Dimension (in mm.)
𝐿 23.00
𝑊 14.50
𝐹𝐿 12.00
𝐹𝑊 01.40
𝐿1 07.81
𝑊1 01.00
𝐿2 04.70
𝑊2 01.50
𝐿𝑆 30.00
𝑊𝑆 30.00
ℎ 01.56
𝐺𝑟𝑜𝑢𝑛𝑑 0.035
𝐺𝑝 03.30

loss, VSWR, BW, HPBW, Gain, and Di-
rectivity are mentioned in Table 2. The
simulated return loss at resonating frequen-
cies is -12.65 dB, -20.56 dB, -33.22 dB &
-14.19 dB, respectively, as shown in Fig.
4, measured return loss at resonating fre-
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Fig. 3. Top view and bottom view of Proposed
Antenna-Fabricated.

quencies 3.3 GHz, 5.9 GHz, 7.2 GHz and
9.03 GHz is -19.40 dB, -12.76 dB, -27.57
dB -31.62 dB, respectively. It can be ob-
served that the simulated and measured re-
sults display a good agreement. The differ-
ences between the measured and simulated
results are probably due to the fabrication
tolerance, substrate losses, and measure-
ment circumstances. The simulated VSWR
are 1.7, 1.2, 1.1 & 1.4.

Fig. 4. Simulated and measured the Reflection
Co-efficient of the proposed antenna.

Fig. 5 represents the radiation pat-
tern at 3.3 GHz, 5.8 GHz, 7.2 GHz, and

9.01 GHz, respectively, which shows that
the antenna radiated in broadside and is lin-
early polarized. The proposed antenna of-
fers gain of 5.25 dBi, 7.17 dBi, 5.09 dBi,
and 6.06 dBi at 3.3 GHz, 5.8 GHz, 7.2 GHz,
and 9.01 GHz, respectively.

The simulated result of % BW,
VSWR, HPBW, Gain, and Directivity is
shown in Table 2. The comparison of the
proposed antenna with the reported antenna
designs in terms of patch size, operating fre-
quency, the substrate used, feeding tech-
nique, slot technique, and gain (dBi) is
shown in Table 3. The patch size of Lp of
the reference antenna [17–25] is better than
the proposed design, but their design struc-
ture is too complicated.

The patch size of Lw of the reference
antenna [26] is better than the proposed de-
sign, but the gain of the reference antenna is
less than that of the proposed antenna. From
the comparison, it can be observed that the
proposed antenna is a good contender for
the WiMAX and WLAN wireless applica-
tions. The proposed multiband antenna of-
fers a simple and low-complexity design. It
also offers reasonable gain for the desired
application.

4. Conclusion
This article proposes a rectangular

slot-loaded compact microstrip antenna for
WiMAX and WLAN band applications.

This antenna slot technique has been
carried out to achieve multiband frequency
operation at 3.3 GHz, 5.8 GHz,7.02 GHz,
and 9.01 GHz. The proposed antenna has
a patch dimension of 23 mm × 14.50 mm
× 1.56 mm. It offers a return loss of -
12.65dB, -20.56 dB, -33.22 dB, and -14.19
dB and gain of 5.25 dBi, 7.17 dBi, 5.09 dBi,
and 6.06 dBi at a desired frequency, respec-
tively.

The designed antennawas fabricated,
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Fig. 5. Simulated far-field radiation patterns - Co-polarization (Blue Color) & Cross polarization
(Orange Color) at (a) 3.3 GHz-E-plane (b) 3.3 GHz H-plane (c) 5.8 GHz E-plane (d) 5.8 GHz H-
plane (e) 7.2 GHz E-plane (g) 7.2 GHz H-plane (g) 9.01 GHz E-plane (h) 9.01 GHz H-plane.

Table 2. Simulated Results.

Freq.
(GHz)

S11
(dB) VSWR %BW HPBW Gain

(dBi)
Directivity

(dBi)
3.3 -12.65 1.7 6 95.6° 5.25 5.41
5.8 -20.56 1.2 36 77.7° 7.17 7.56
7.2 -33.22 1.1 63 64.2° 5.09 5.51
9.01 -14.19 1.4 81 57.2° 6.06 6.44

Table 3. Comparison of the proposed antenna with reported antennas.
Ref. Patch Size (mm3) Frequency/Band (GHz) Substrate Feed Technique Slot Technique Gain (dBi)

[26] 30 × 39.40 × 6
3.50-3.60/
4.88-5.23/
6.47-6.70

FR4 Co-axial feed C-shape 6.8

[17] 16 × 20 × 1.5 3/ 5.3/8 FR4 Microstrip -feed T-shaped and U-shaped -

[18] 6 × 18.5 × 1.5
2.23-4.63/
7.38-7.88/
9.25-9.46

FR4 Microstrip-feed SRR loaded half 2.8/ 3.5/3.0

[27] 26 × 30 × 1.6
3.3-3.6/
3.8-4.2/
5.1-5.8

FR4 Microstrip-feed C-shape slot-CSRR 3.75/4.50/ 7.50

[19] 15.75 × 25.5 × 1.5 2.4/5.19/5.9 Roger RO 3003 Microstrip-feed E-shape 8.18

[20] 19 × 25 × 1.6
2.0-2.76/
3.04-4.0/
5.2-6.0

FR4 Microstrip-feed F-shape 1.50/1.70/ 3.05

[21] 16 × 16 × 1.6 3.8-4.2/
5.1-5.8/ 7.3(3.1-10.6) FR4 CPW-feed L-shape & U-shape 6-7

[22] 15.37 × 19.64 × 1.0 5.8/ 6.2/8.4 PET Microstrip-feed S-shape 6.23/4.62/ 5.43

[23] 14 × 14 × 1.6 2.33(2.05-3.48)/ 5.10/
7.11(4.72-7.39) FR4 CPW-feed I-shape fractal 0.225/3.030/2.850

[24] 18 × 11 × 0.5 4/7/ 11
(2.39-13.78) Rogers 4350 Microstrip-feed L-shape and I-shape 4.0-8.5

[25] 15.37 × 19.64 × 0.9 5.73/ 6.16/8.34 IJ-220PET Microstrip-feed L-shape 6.23/4.62/ 5.43
This Work 23.00 × 14.50 × 1.5 3.3/ 5.8/ 7.2/9.01 Rogers AD255C Microstrip-feed - 5.25/7.17/ 5.09/6.06

and measurements were carried out in an
anechoic chamber.

The proposed simple, low-profile

multiband antenna offers good radiation
characteristics over desired wireless appli-
cations.
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